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(Claims) 

(Claim 1) Degradation of aliphatic polyester so characterized that 
in a method that degrades aliphatic polyester using lipase, a lipase 
derived from genus Pseudomonas is used. 

(Claim 2) Treatment of aliphatic polyester so characterized that a 
fixed lipase comprised by bonding a lipase capable of degrading 
aliphatic polyester to a water-soluble high polymer carrier is contacted 
with an aliphatic polyester. 
Detailed Description of the Invention 

(Industrial Field of Application) This invention pertains to 
degradation of biodegradable macromolecular polymers and surface 
treatment of said macromolecular polymers. More particularly, this 
invention pertains to degradation of aliphatic polyesters using enzymes, 
and surface treatment of aliphatic polyester fibers and the like using 
fixed enzymes. 

(Prior Art) Together with metals and ceramics, macromolecular 
compounds typified by plastics are materials that are intimately 
connected with life today, and plastic products are widely used not only 
in foods, clothing, and housing, but also in various industries and in 
medicine . 

However, plastics by prior art developed emphasizing long-term 
stability do not degrade in the natural environment. Therefore, a large 
amount of unneeded waste is destroying the environment on a global 
scale, and has become a major problem. 

With people taking greater interest in the problem described above 

*Numbers in the margin indicate pagination in the foreign text. 



in recent years, so-called biodegradable high polymers that are degraded 
by microorganisms in nature are being extensively researched and 
steadily applied. 

The objects of the present research include © high polymers that 
produce microorganisms, © natural high polymers derived from plants and 
animals, and ® synthetic high polymers. It is difficult to obtain © and 
® that are satisfactory on points such as productivity, while ®, such 
as typically polyvinyl alcohol, polyethylene glycol, and polyesters, are 
promising biodegradable high polymers. 

It is known that these synthetic high polymers are degraded by 
microorganisms or enzymes. For example, the water-soluble high polymer 
of polyvinyl alcohol is degraded by bacteria in soil (Agric. Biol. 
Chem., vol. 37, p 747 (1973)). Microorganisms are known that degrade the 
likewise water-soluble high polymer of polyethylene glycol, but as its 
degree of polymerization increases, this becomes difficult to degrade by 
bacteria, and 6000 or greater molecular weight polyethylene glycol is 
especially difficult to degrade by bacteria alone (J. Ferment* Technol., 
vol. 53, p. 757 (1977) ) . 

In recent years, polyesters, which are high polymers that are not 
soluble in water, are the most promising biodegradable synthetic high 
polymers due to their easy workability. In particular, it is reported 
that the aliphatic polyester of polycaprolactam (hereafter called PCL) 
is subject to hydrolysis in soil (Polym. Preprints, vol. 13, p. 629 
(1972)), and degradation of PCL by several lipases has been studied in 
detail (Agric. Biol. Chem., vol. 52, p. 265 (1977)). On the point that 
this biodegradation can occur in this way using not only microorganisms, 



3 



but also enzymes, aliphatic polyesters are considered especially 
desirable biodegradable high polymers. 

(Problems that the Invention is to Solve) A method for degrading 
polyesters using lipases is known (Japan Kokai Patent No. 52-82774) . The 
method cited above found that lipases derived from sources such as 
Aspergillus niger, Geotrichum candidum, Rhizopus deremer, Rhizopus 
alizus, Candida cilindlasce, wheat germ, or hog pancreas act on PCL, and 
showed clearly that lipases derived from genus Rhizopus have especially 
potent degradability . 

This degradability is not satisfactory, however, and enzymes that 
show more potent degradability are strongly desired. 

Reflecting on this situation, the present inventors first 
discovered that lipases that produce microorganisms belonging to genus 
Pseudomonas have extremely potent degradability of aliphatic polyesters 
compared to lipases derived from genus Rhizopus by prior art, and so 
perfected the present invention. 

The present inventors also perfected a method that treats the 
surface of fiber or the like that has aliphatic polyester as its raw 
material and can improve the feel of this while maintaining the strength 
of the fiber or the like by using a fixed lipase that can degrade 
aliphatic polyester. 

(Means of Solving the Problems) Aliphatic polyesters that are the 
object of degradation in this invention include polyglycoside, 
polylactic acid, polyhydroxybutyrate, PCL, hydroxyvalerate, and 
copolymers of these. Of these, PCL and the like are raw materials that 
have superior degradability. 
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The first invention of this invention pertains to degradation of 
aliphatic polyesters using lipases that produce microorganisms belonging 
to genus Pseudomonas . 

Regarding lipases that can be used, any lipase can be used so long 
as it is derived from genus Pseudomonas and can degrade aliphatic 
polyesters. Examples are lipase PS (manufactured by Amano Pharmaceutical 
Co., Ltd.: derived from Pseudomonas cepacia) and lipase AK (manufactured 
by Amano Pharmaceutical Co., Ltd.: derived from Pseudomonas 
fluorescens) . More preferably, lipase PS is used. It does not matter 
whether these lipases are crude products or highly refined. 

It is desirable that the aliphatic polyester that is the object of 
degradation be dispersed as finely as possible to increase the contact 
surface with the enzyme. For example, it is desirable to make this a 
fine fiber, thin film, or powder. 

As reaction conditions for degrading aliphatic polyesters using 
lipases, any conditions can be used so long as they are within a range 
in which the lipase used shows enzymatic activity, but preferred 
conditions are 10 to 60°C temperature and in a pH 4 to 9 buffer. 
Needless to say, the reaction system can be reacted in an appropriate 
solvent system; for example, a solid system so long as appropriate 
moisture is present. 

The second invention pertains to fixing a lipase that can degrade 
aliphatic polyesters to an appropriate carrier, and treating the surface 
of polyesters using said fixed enzyme. 

Regarding lipases that can be used, any enzyme can be used so long 
as it can degrade aliphatic polyesters. Examples are lipase PS 



(manufactured by Amano Pharmaceutical Co. , Ltd. : derived from 
Pseudomonas cepacia) , lipase AK (manufactured by Amano Pharmaceutical 
Co., Ltd.: derived from Pseudomonas fluorescens) , and lipase F-AP 
(manufactured by Amano Pharmaceutical Co., Ltd.: derived from Rhizopus 
oryzae) . More preferably, lipase PS and lipase F-AP are used. It does 
not matter whether these lipases are crude products or highly refined. 

The carrier used is preferably a water-soluble high polymer carrier 
for treating fiber or the like by immersion. For example, besides 
copoly (methylvinylester-co-maleic anhydride) (MAMEC) , examples include 
polyethylene glycol, polyacrylic acid, polyamine, polyglutamic acid, 
polylysine, dextran, hydroxyethylcellulose, and carboxymethylcellulose . 
More preferably, MAMEC is used. 

Examples of methods for fixing a lipase to an appropriate carrier 
are ionic bonding and covalent bonding, but to fix enzymes stably, 
covalent bonding is preferred. Reactions frequently used as covalent 
bonding begin with active esterif ication, and include Schiff base 
bonding, diazonium coupling, cyan bromide activation bonding, the 
diisocyanate method, reagent condensation (carbodiimide method) , 
triazinyl derivative bonding, halogenoacetyl derivative bonding, acid 
azide derivative bonding, and halogenoacetyl derivative bonding. All of 
these, however, require care such that enzyme activity is not reduced 
during the enzyme fixing reaction. 

As conditions for treating fiber, film, or other products based on 
aliphatic polyesters using a fixed lipase as described above, any 
conditions can be used so long as they are within a range in which the 
lipase used shows enzymatic activity, but the preferred conditions are 
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10 to 60°C temperature and in a pH 4 to 9 buffer. 

Compared to when treated without fixing lipase, treating aliphatic 
polyester fiber or the like using a fixed lipase in this way can evenly 
degrade only the surface without sacrificing the drawing strength of 
this fiber. That is, aliphatic polyester fibers can be obtained that 
differ in feel by varying immersion time considering factors such as the 
diameter and degree of polymerization of the fiber to be treated. 
Needless to say, because the lipase is fixed to a high polymer carrier, 
it is reusable and also has improved stability. 

Below, this invention is explained in detail by working examples. 
Moreover, this invention is not limited to these. 
(Working Examples) 

Working Example 1 Degradation of PCL Fiber by Various Lipases 

PCL fiber samples were treated using various lipases under the 
following conditions. After treating, the fiber was measured for weight 
loss when dry and retention of tensile strength by simple tensile 
strength measurement. Furthermore, the surface of the fiber samples was 
observed under a scanning electron microscope. 

The enzyme was dissolved in 0.1 M phosphoric acid buffer (pH 7.0) 
to a concentration of 0.5 W/V%. Approximately 75 mg of undrawn PCL fiber 
sample (fiber diameter: 275 /xm) was placed in said enzyme solution (10 
mL) , and treated while stirring slowly at 25°C. Reaction conditions and 
results are shown in Table 1. 
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Moreover, in Figure 1, L-PS indicates lipase PS "Amano," L-AK 
indicates lipase AK "Amano," L-F-AP indicates lipase F-AP-15, L-A-6 
indicates lipase A "Amano" 6, L-M-10 indicates lipase M "Amano" 10, L- 
AY30 indicates lipase AY "Amano" 30, L-PEG indicates lipase PGE "Amano," 
N-F indicates neurase F, and P-F indicates pancreatin F (all of the 
above are products manufactured by Amano Pharmaceutical Co., Ltd.) . 

As is clear from Table 1, lipase derived from Pseudomonas cepacia 
(that is, lipase PS) shows extremely potent degradation activity, and 
lipase likewise derived from Pseudomonas fluorescens (that is, lipase AK 
"Amano") also has good activity degrading PCL. In addition, lipase 
derived from Rhizopus oryzae (that is, lipase F-AP-15) degrades PCL 
well, but lipase likewise derived from Rhizopus niveus (that is, neurase 
F) shows hardly any degradation activity. Other lipases also were found 
to show no degradation activity. 

Working Example 2 Biodegradation of Undrawn PCL Fiber by Lipase PS 

"Amano " 

Fiber was reacted in the same way as in Working Example 1 using 
lipase PS "Amano" at an enzyme concentration of 0.1 W/V%, reaction time 
and degree of degradation were measured, and change over time in 
reduction in weight (W r /W 0 ) and retention of tensile strength (o B , r /c Bf0 ) 
were found. These results are shown in Table 2 and Figure 1. 
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TABLE 2 



Reaction 
Time 


Weight 
Before 
Reactinq 


Weiqht 
After 
Reactinq 


Reduction 
in Weight 






a B/ r/°" B ,o 


(hr) 


(mg) 


(mg) 


<%) 


(g) 




(%) 




0 


74.8 


74.4 


0.99 


570 


+ 


55 


1210 


1.00 


5 


75.0 


68.2 


0.91 


300 


± 


45 


750 


0 .53 


12 


75.1 


54 . 9 


0.73 


150 


+ 


35 


210 


0.26 


20 


74.9 


47.2 


0.63 


80 


+ 


20 


125 


0.14 


30 


75.0 


37.9 


0.51 


55 


+ 


25 


60 


0 .10 


46 


75.2 


27.8 


0 .37 


10 


+ 


10 


5 


0.02 



"0 hours" reaction time indicates results after immersing for one 
hour in buffer solution without adding any enzyme. 

As a result of observing treated PCL fibers under a scanning 
electron microscope, it was observed that fiber treated for 30 seconds 
was greatly corroded and degraded by the enzyme. 

Working Example 3 Biodegradation of Undrawn PCL Fiber by Lipase AK 

"Amano" 

Fiber was reacted in the same way as in Working Example 1 using 
lipase AK "Amano" at an enzyme concentration of 0.5 W/V%, reaction time 
and degree of degradation were measured, and change over time in 
reduction in weight (W r /W 0 ) and retention of tensile strength (a B , r /o B)0 ) 
were found. These results are shown in Table 3 and Figure 2. 
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TABLE 3 



Reaction 
Time 


Weight 
Before 
Reacting 


Weight 
After 
React inq 


Reduction 
in Weight 






<7 B ,r/ a B,o 


(hr) 


(mg) 


(mg) 


(%) 


(g) 




(%) 




0 


74.8 


74 .4 


0.99 


570 ± 


55 


1210 


1.00 


24 


75.0 


69 . 0 


0.92 


410 + 


45 


750 


0.72 


48 


75.1 


65.3 


0.87 


330 ± 


35 


210 


0.58 


72 


74.9 


62.2 


0.83 


280 + 


20 


125 


0 .49 


120 


75.0 


57.0 


0.76 


180 ± 


25 


60 


0.32 



"0 hours" reaction time indicates results after immersing for one 
hour in a buffer solution without adding any enzyme. 

Working Example 4 Biodegradation of Undrawn PCL Fiber by Lipase 

F-AP-15 

Fiber was reacted in the same way as in Working Example 1 using 
lipase F-AP-15 at an enzyme concentration of 0.2 W/V%, reaction time and 
degree of degradation were measured, and change over time in reduction 
in weight (W r /W G ) and retention of tensile strength (a B , r /o Bf0 ) were found. 
These results are shown in Table 4 and Figure 3. 
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TABLE 4 



/6 



Reaction 
Time 


Weight 
Before 
Reacting 


Weight 

After 
Reacting 


Reduction 
in Weight 


(hr) 


(mg) 


(mg) 


(%) 


0 


75.5 


75.1 


0 . 99 


12 


75 . 1 






24 


75.0 


61.7 


0.82 


48 


75.2 


49.6 


0 . 66 


75 


75.1 


41.1 


0.55 


144 


75.5 


36.2 


0.48 



Ob 

(g) 

565 ± 50 
380 ± 60 
275 + 40 
100 ± 45 
15 ± 10 
0 



'B 

(%) 

1230 
870 
650 
145 
30 
0 



a B,r/0 B , 0 



1.00 

0.67 
0.49 
0.18 
0.03 
0 



"0 hours" reaction time indicates results after immersing for one 
hour in a buffer solution without adding any enzyme. 

Working Example 5 Effect of Enzyme Concentration on Biodegradation of 

Undrawn PCL Fiber by Lipase PS "Amano" 
Fiber was reacted in the same way as in Working Example 2 using 
lipase PS "Amano" and varying enzyme concentration from 0.065 to 0.2 
W/V%, reaction time and degree of degradation were measured, and change 
over time in reduction in weight (W r /W G ) was found to find dependency on 
reaction time, and (W r /W 0 )^ was found to study dependency on enzyme 
concentration. These results are shown in Table 5 and Figures 4 and 5 . 
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TABLE 5 



Enzyme 


Reaction 


Weight 


Weight 


Reduction 




Concentr 


Time 


Before 


After 


m Weight 


(W r /W 0 ) 


at ion 


(hr) 


React ina 


React ina 


W /W 




(W/V%) 






w r 








(mg) 


(mg) 








r— 

5 


73 . 5 


68 . 3 


0 . 93 


0 . 96 




12 


73 . 8 


61 . 3 


0 . 83 


0 . 91 


0 . 065 


20 


73 . 5 


55 . 1 


0 . 75 


0 .87 




30 


73 6 


4 8 9 








48 


74.0 


40.7 


0.55 


0.74 




5 


75 . 0 


68 . 2 


0 . 91 


0 . 95 




8 


74 . 4 


59 . 5 


0 . 80 


0.89 


0 . 10 


12 


75 . 1 


54 . 9 


0 . 73 


0 .85 




20 


74 . 9 


47.2 


0 . 63 


0 .79 




3 0 




.j / • j 




n 7i 




46 


75.2 


27.8 


0 .37 


0.61 




4 


73 . 9 


63 . 5 


0 . 86 


0.93 




8 


73 . 5 


54 . 3 


0 .74 


0 . 86 


0 . 15 


12 


73 . 8 


47 . 2 


0 . 64 


0.80 




18 


73 . 7 


36 . 8 


0 . 50 


0 .71 




24 


73 ft 


9ft 0 


0 ft 






40 


73 . 5 


16.9 


0.23 


0.48 




4 


74.0 


60 .6 


0 .82 


0 .91 




8 


73.9 


48.0 


0.65 


0.81 


0.20 


15 


74.0 


31.1 


0 .42 


0.65 




22 


74.2 


20.0 


0.27 


0.52 




30 


73.8 


11.8 


0.16 


0.40 




42 


74 . 0 


7.7 


0.10 


0 .32 



In all cases, it is considered that degradation showed satisfactory 
linearity initially, and proceeded by a first -order reaction of 
degradation speed to the fiber surface area. 

Working Example 6 Degradation of PCL Fiber Using Lipase PS "Amano" 

Fixed to a Water-Soluble High Polymer 
5.0 g MAMEC of approximately 20,000 molecular weight were dissolved 
in 90 mL 0.1 M acetic acid buffer (pH 5.4) . 1.0 g of the enzyme lipase 
PS "Amano" was dissolved in 10 mL of the same buffer. After reacting, 
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unreacted enzyme was removed by fraction refining using a 100,000 
molecular-weight fraction ultrafilter. After condensing, then freeze- 
drying, a MAMEC-fixed enzyme was obtained. As a result of quantifying by 
the ninhydrin method, enzyme concentration was 4.5 wt%. 

Fiber was reacted in the same way as in Working Example 4 using the 
lipase PS "Amano" fixed to a water-soluble high polymer obtained as 
described above at an enzyme concentration of 0 . 1 W/V%, reaction time 
and degree of degradation were measured, and change over time in 
reduction in weight (W r /W G ) and retention of tensile strength <o,, r /o Bf0 ) 
were found. These results are shown in Table 6 and Figure 6. 

TABLE 6 



Reaction 
Time 


Weight 
Before 
Reacting 


Weight 
After 
Reacting 


Reduction 
in Weight 










r/^B, 


r O 


(hr) 


(mg) 


(mg) 


(%) 


(g) 




(%) 








0 


75.0 


74 . 8 


1.00 


560 + 


55 


1250 


1 


.00 




10 


75.2 


66.2 


0.88 


470 + 


25 


700 


0.84 


± 0 


.04 


20 


74 .9 


60 . 7 


0.81 


410 + 


40 


450 


0 . 73 


+ 0 


.07 


30 


75.1 


54 . 9 


0.73 


350 ± 


35 


280 


0.63 


± o 


. 06 


50 


75.0 


45.1 


0. 60 


275 ± 


45 


125 


0 .49 


± o 


. 08 


80 


75.3 


36.0 


0.48 


175 + 


55 


30 


0.31 


± o 


. 10 



"0 hours" reaction time indicates results after immersing for one 
hour in buffer solution without adding any enzyme. 

As a result of observing treated PCL fiber under a scanning 
electron microscope, it was observed that the surface of fiber treated 
for 50 hours was extremely evenly degraded compared to Working Example 
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2. In addition, as is clear from Figure 6, in spite of there being no 
great difference in reduction in weight from when unfixed lipase PS 
"Amano" was used in Working Example 2, no dramatic reduction was found 
in retention of tensile strength. That is, the surface of PCL fiber was 
extremely evenly degraded and the fiber surface could be treated. 
Working Example 7 Degradation of PCL Fiber Using Lipase AK "Amano" 

Fixed to a Water-Soluble High Polymer 

The same operations as in Working Example 6 were performed using 
lipase AK "Amano" bonded to a water-soluble high polymer. As a result, 
although reduction in weight comparable to Working Example 6 showed no 
great difference from when unfixed lipase AK "Amano" was used in Working 
Example 3, no dramatic reduction was found in retention of tensile 
strength and fiber strength was maintained relatively at the same level. 
Working Example 8 Degradation of PCL Fiber Using Lipase F-AP-15 Fixed 

to a Water-Soluble High Polymer 

The same operations as in Working Example 6 were performed using 
lipase F-AP-15 bonded to a water-soluble high polymer. As a result, 
although reduction in weight comparable to Working Example 6 showed no 
great difference from when unfixed lipase F-AP-15 was used in Working 
Example 4, no dramatic reduction was found in retention of tensile 
strength. 

(Effects of the Invention) This invention has the effect that 
biodegradable macromolecular polymers, especially the aliphatic 
polyester of polycaprolactam, can be degraded efficiently using lipases 
derived from genus Pseudomonas. Furthermore, this invention has the 
effect that the surface of PCL fiber or the like can be degraded using 



a fixed enzyme obtained by fixing a lipase to a water-soluble high 
polymer carrier, fiber or the like can be improved in feel, and the 
strength of said fiber or the like is relatively undamaged during this 
process . 

(Brief Explanation of the Figures) 

Figure 1 shows reaction time and change over time in reduction in 
weight (W r /W G ) and retention of tensile strength (a B#r /a B#0 ) when lipase PS 
"Amano" was used in Working Example 2. In the figure, • indicates 
reduction in weight, and O indicates retention of tensile strength. 

Figure 2 shows reaction time and change over time in reduction in 
weight (W r /W Q ) and retention of tensile strength (a B , r /a Bf0 ) when lipase AK 
"Amano" was used in Working Example 3. In the figure, • indicates 
reduction in weight, and O indicates retention of tensile strength. 

Figure 3 shows reaction time and change over time in reduction in 
weight (W r /W Q ) and retention of tensile strength (o B , r /a Bf0 ) when lipase F- 
AP-15 was used in Working Example 4. In the figure, • indicates 
reduction in weight, and O indicates retention of tensile strength. 

Figure 4 shows the correlation between reaction time and reduction 
in weight when lipase PS "Amano" was used in Working Example 4. In the 
figure, ®, <2>, ®, and ® indicate results when enzyme concentration was 
0.065, 0.10, 0.15, and 0.20 W/V%, respectively. 

Figure 5 shows the correlation between reaction time and the square 
root of reduction in weight when lipase PS "Amano" was used in Working 
Example 4. In the figure, ®, ®, ®, and ® indicate results when enzyme 
concentration was 0.065, 0.10, 0.15, and 0.20 W/V%, respectively. 

Figure 5 shows reaction time and change over time in reduction in 
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weight (W r /W 0 ) and retention of tensile strength (a B , r /o B , 0 ) when lipase SP 
"Amano" was used in Working Example' 6. In the figure, indicates 
reduction in weight, and O indicates retention of tensile strength. 




Figure 1 

[X-axis:] Reaction Time (hr) 
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Figure 2 

[X-axis:] Reaction Time (hr) 
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Figure 3 

[X-axis:] Reaction Time (hr) 
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Figure 4 

[X-axis:] Reaction Time (hr) 
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Figure 5 

[X-axis:] Reaction Time (hr) 




Figure 6 

[X-axis:] Reaction Time (hr) 
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